The metabolism of progesterone in vivo in the human subject has been extensively investigated, but only 3a-hydroxy-5,B-pregnan-20-one (pregnanolone) (Dorfman, Ross & Shipley, 1948) , 5p-pregnane-3:20ox-diol (pregnanediol) (Dorfman et al. 1948 ), 3x-hydroxy-5a-pregnan-20-one (Dobriner, Lieberman, Rhoads & Taylor, 1948; Dobriner & Lieberman, 1950; ) and 5x-pregnane-3a:20oc-diol (allopregnanediol) (Kyle & Marrian, 1951) have been shown conclusively to be progesterone metabolites. The metabolism in vitro has been investigated in the rat (Taylor, 1954) , but progesterone metabolism in the rat appears to be different from that in the human (Wiest, 1956 ) since the rat does not excrete pregnanediol in the urine (Atherden & Grant, 1957) . Taylor (1955) also investigated progesterone metabolism in the rabbit which, like the human, excretes pregnanediol in the urine; but it is well known that steroid metabolism varies with species (see, for example, Brooks & Klyne, 1957) .
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Thus it seemed desirable that progesterone metabolism in vitro in the human should be investigated; Reaven (1955) has shown that ma-unsaturated ketonic steroids are transformed into substances which do not absorb at 240 mjt when incubated with human-liver slices; therefore progesterone was incubated with a 'suspension' prepared from post-mortem human liver.
EXPERIMENTAL Materials
All materials were obtained from British Drug Houses Ltd. unless otherwise stated.
Steroid8
. Progesterone (Girard & Sandulesco, 1936) were not purified further; alumina (100-200 mesh, Savory and Moore Ltd.) was screened through a no. 90 sieve, the material not passing through being rejected. It was activated to activity II (Brockmann & Schodder, 1941) (Atherden, 1956 ) and contained (final concn.) 0-04M-potassium phosphate (pH 7 4), 0-OlM-sodium citrate (pH 7.4), 0 005m-MnSO4 and 0-0003M-TPNH. Progesterone (500 mg.) was added in 50 ml. of propane-1:2-diol to 950 ml. of incubation medium.
Preparation of liver 'suspension'. Post-mortem liver (500 g.) from a 30-year-old woman who had died from bronchial pneumonia was cut into portions and homogenized in an ice-cold Ato-Mix blender (Measuring and Scientific Equipment Ltd.) containing a medium of 0-25M-sucrose and 02 m-nicotinamide for j min. at full speed. The resulting 'suspension' was diluted with the sucrosenicotinamide medium to give a 50% (wfv) 'suspension' and stored at 00 until all the liver had been treated.
Incubation. The volume (1 1.) of suspension was added to 1 1. of incubation medium in a 31. flask and the whole was incubated with manual horizontal shaking in a water bath at 370 for 2 hr. in air.
Protein precipitation. After the incubation, the contents of the flask were added to 2 61. of acetone. The mixture was stirred and left overnight at -190; it was filtered and the residue washed twice with 1 1. volumes of previously chilled acetone. Most of the acetone was removed from the combined ifitrates by distillation under reduced pressure.
Extraction of lipids. The aqueous residue from the above distillation was saturated with NaCl and was then extracted with 3 x 500 ml. of ethyl acetate. The extract was washed with 100 ml. volumes of water, 0*2M-NaHCO3, 0-2N-HC1
and water until the washings were neutral to litmus; the first water and NaHCO3 washes were combined and backextracted with 200 ml. of ethyl acetate, and the same 200 ml. was used to back-extract the HCI and water washes individually. The combined ester extracts were dried with Na2SO4 and filtered, the residue was washed with ester and the combined filtrates were distilled to dryness in vacuo on a water bath at 60°. The residue was partitioned between 430 ml. of 70% (v/v) methanol and 200 ml. of hexane; the lower layer was run off, the upper layer was extracted with 2 x 100 ml. of 70% (v/v) methanol and the three combined methanol extracts were backextracted with 50 ml. of hexane. Most of the methanol was taken off by distillation in vacuo, 150 ml. of water was added and the mixture was extracted with 2 x 500 ml. of CHC13; the extracts were washed with 100 ml. of N-NaOH, with water until neutral and were then dried over Na2SO4.
The CHCl3 was evaporated off in vacuo leaving a residue which weighed, after vacuum desiccation over P205 for 24 hr., 923 mg.
Girard separation. The dried residue was taken up in 20 ml. of ethanol, 1-7 g. of Girard T reagent and 1 ml. of acetic acid were added and refluxed for 1 hr. (Girard & Sandulesco, 1936) ; the contents of the flask were poured quickly into a separating funnel containing 55 ml. of icecold water, 30 g. of crushed ice, 15 g. of NaCl and 8-1 ml. Digitonin separation. The ketonic and non-ketonic fractions were each separated into digitonin-non-precipitable (a) and digitonin-precipitable (,B) fractions (Butler & Marrian, 1938) ; however, 48 hr. was allowed for complete precipitation (cf. Haslam & Klyne, 1953) .
RESULTS
a-Ketonic fraction. This fraction (291 mg.) was taken up in 2 ml. of benzene, 2 ml. of hexane was added and the mixture applied to a column (1 cm. intemal diameter) containing 6 g. of alumina activity II. Elution with hexane-benzene (1:1, v/v) yielded a white crystalline mass; this was crystallized from aqueous ethanol and yielded 117 mg. Elution with methanol gave white material which when recrystallized from methanol gave platelets, m.p. 140-145o; recrystallization from hexane gave 3 mg. of needles, m.p. 147-150°. Mixed m.p. determination with 3a-hydroxy-5,-pregnan-20-one (m.p. 149-151°) indicated that the isolated material was 3oc-hydroxy-5,f-pregnan-20-one; it was dissolved in pyridine and acetylated with acetic anhydride overnight. After extraction and crystallization from acetone, crystals were obtained with m.p. 96-100°; admixture with authentic 3oc-acetoxy-5P-pregnan-20-one (m.p. 97-100°) gave mixed m.p. 96-99°.
f-Ketonic fraction. This weighed 12 mg.; it was taken up in hexane-benzene (4: 1, v/v) and applied to a column containing 2 g. of alumina activity II. Elution with benzene-ether mixtures yielded white material which was crystallized from acetone and the crystals were leached with hexane. Butenandt & Mamoli (1935) .
Elution with methanol gave a small amount of crystalline material which on being twice recrystallized from methanol yielded a few crystals with m.p. 194-195° . No further batch of this material could be obtained from the mother liquors, but it was possibly allopregnanolone, as this had m.p. 193-196°and was also obtained by Taylor (1955) in the same fraction from rabbit liver.
C-Non-ketonic fraction. This weighed 140 mg.; it was dissolved in 2 ml. of benzene and put on a column containing 3 g. of deactivated alumina.
Elution with benzene followed by 0-8 % and 3 % (v/v) ethanol in benzene yielded one main fraction eluted chiefly by the later portion of the 0 8 % (v/v) ethanol in benzene (cf. Klopper, Michie & Brown, 1955) . Repeated crystallization from methanol yielded white needles with m.p. 224-225', suspected to be a pregnanediol or an allopregnanediol. The needles were purified by conversion into the diacetate; extraction followed by crystallization from ethanol gave white crystals with a double m.p. 162-163°and (144-1460) showed that this fraction consisted mainly of cholesterol (m.p. 145-146°). Taylor (1954) carried out a 'blank' incubation of rat-liver homogenate and showed that neither progesterone nor any of its known metabolites were obtained. He also conducted 'control' incubations both with rat-liver homogenate and with rabbit-liver homogenate (1955); these demonstrated that progesterone was not transformed into any known metabolites by the isolation procedures used. Since the isolation procedures used in the present work were similar to those of Taylor (1955) , it may be assumed that the progesterone and metabolites obtained resulted from the progesterone added.
DISCUSSION
Reductive metabolism of progesterone has been discussed by Taylor (1954 Taylor ( , 1955 . From the work of Tomkins & Isselbacher (1954) it would appear probable that the normal metabolic pathway for the reduction of ring A of progesterone is irreversible hydrogenation of the double bond to give the two pregnanediones, followed by reduction of the 3-oxo group. The weights of metabolites given in Table 1 seem to indicate that, for progesterone, the main metabolic pathway in human liver is progesterone -+ pregnanedione = pregnanolone = pregnanediol. The reversibility of the ketonic reductions and the irreversibility of the double-bond hydrogenation have been confirmed by Taylor (1956) , who isolated crystalline pregnanediol, pregnanolone and pregnanedione, but not progesterone, after incubation of pregnanediol with rabbit-liver homogenate. The identity of the metabolites obtained with rabbit liver (Taylor, 1955) and human liver suggest that the rabbit is a useful species for biochemical studies, at least for progesterone metabolism. This is confirmed by the observations that pregnanediol is a urinary metabolite of progesterone both in humans (Dorfman et al. 1948 ) and in rabbits (Hoffman, 1942) . Table 2 lists sixteen possible reduction products of progesterone; such compounds as 3-hydroxypregn-4-en-20-ones, 3: 20-dihydroxypregn-4-enes, 20-hydroxypregnan-3-ones and derivatives with EIERDEN I959 .oxygen functions in positions other than 3 or 20, or a double bond other than in position 4, have not been included. Where applicable, references have been given to studies in which an attempt was made to demonstrate that the steroid reported was a progesterone metabolite. Otherwise, investigations on human pregnancy urine, for work in vivo, and on human liver, for work in vitro, have been favoured.
It appears that 3-hydroxypregn-4-en-20-ones (and 3:20-dihydroxypregn-4-enes) are not encountered because the 3-oxo group is only relatively slowly reduced if the double bond has not been previously hydrogenated (Talalay, 1957; Talalay & Dobson, 1953) , and because the doublebond reduction is irreversible (Tomkins, 1957) . However, it is more difficult to explain the nonappearance of 20-hydroxypregnan-3-ones; since the two pregnanediones have been isolated, presumably Atherden (1959) Taylor (1955) Atherden (1959) Ungar & Dorfman (1954) Atherden (1959) Ungar (1955) Vol. 7I PROGESTERONE METABOLISM IN VITRO 415 double-bond reduction of 20-hydroxypregn-4-en-3-ones (which have been isolated) could occur, unless steric hindrance between enzyme and steroid takes place. SUMMARY 1. Progesterone has been incubated with a suspension of human liver with added nicotinamide, citrate and reduced triphosphopyridine nucleotide.
2. Six metabolites have been isolated: 5e,-and 5f-pregnane-3:20-dione, 3a-and 3fl-hydroxy-5mc-pregnan -20 -one, 3m -hydroxy -5, -pregnan -20 -one and 5P-pregnane-3=:20m-diol.
3. The reductive metabolism of progesterone is discussed.
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